Introduction
The avascular necrosis of the femoral head represents the death of bone tissue due to the lack of blood supply. There are two main groups of vessels which supplies the periphery of the femoral head: the inferior metaphysical and the lateral epiphysial vessels. The damage of the lateral epiphysial vessels is the most important cause of avascular necrosis of the femoral head. This complication occurs more often in intracapsular hip fractures then in extracapsular fractures. The disease has a progressive evolution and untreated leads to femoral head collapse and severe arthritis. In the young population, avascular necrosis can be caused by non-traumatic events such as steriod medication, alcohol excess, blood clotting disorders and any other affection that may cause bad blood-flow at the femural head.
In our study, we present a patient with a pertrochanteric fracture that developed avascular necrosis of the femoral head, 2 years after surgery. We used the Ficat classification system for avascular necrosis, because it is a common system based on clinical examination and standard radiographs [1] . There are only a few similar cases described in the published literature because this complication does not occur very often.
Case presentation
We present the case of a 67 year old man, with previous medical history of Grade I hypertension and current smoking history (a pack of cigarettes a day), who presented into the Emergency Department with severe pain in the right hip and inability to walk caused by an accidental fall from the same level. A standard emergency anteroposterior radiograph showed an Evans type II [2] pertrochanteric fracture of the right hip (Fig. 1) . The patient was operated with a dynamic interlocking trochanteric gamma nail (Fig. 2 ). There were no intraoperative or postoperative complications. The recovery plan began in the second postoperative day, with partial weight bearing on the right lower limb, and 3 months after the surgery, the patient could walk unassisted. At 6 months the radiographs showed union of the right hip fracture (Fig. 3 ). 2 years after the operation, the patient presented moderate pain on the right hip and limited joint mobility with no history of recent trauma. The antero-posterior radiograph revealed incipient avascular necrosis of the femoral head, Ficat stage 2 [2] (Fig. 4) . Despite that the gamma nail was in a good position we considered that the source of the pain was the intolerance to the implant. The patient was operated again and the gamma nail on the right hip was removed (Fig. 5 ). Postoperative the evolution was satisfactory, with small limitation of the hip mobility and a decrease in the level of local pain. After the implant removal, the patient was kept under observation and conservative treatment, to prevent further damage to the right hip and allow the healing to occur. In time, the symptoms increased progressively, including the development of a limp, stiffness in the hip joint and pain without effort. At 6 months after the gamma nail was removed the X-rays revealed avascular necrosis of the femoral head Ficat stage 4 and secondary osteoarthritis of the right hip (Fig. 6) . The patient underwent surgery once again and an uncemented total hip arthroplasty was performed (Fig. 7) . Postoperative the patient's evolution was good and after 3 months he could walk unassisted.
Discussion
The avascular necrosis of the femoral head affects young patients between 20 and 50 years old, the majority of them being men. The avascular necrosis of the femoral head arises when the blood supply of the hip joint is damaged. In order to develop osteonecrosis, these ischaemic events must be repeated constantly [3] . There are many causes that lead to this complication, most of them being joint or bone trauma (fractures of the femoral neck, dislocation of the hip), certain medication (corticosteroids), lifestyle choices (smoking and alcohol abuse) and idiopathic forms representing 25%. Kamal et al. revealed in an epidemiological study, on 92 patients diagnosed with avascular necrosis of the femoral head, that the main risk factors are smoking (36.96%), alcohol intake (20.65%), trauma (11.96%), corticosteroid therapy (8.70%) and 29.35% are idiopathic [4] . Avascular necrosis after pertrochanteric fractures is a very rare complication with a rate of incidence of 0.3%e0.5% [5, 6] . Barquet et al. revealed in a systematic review that the incidence of avascular necrosis of the femoral head after trochanteric fracture surgery is 1.37% within the first 2 years of injury [7] . Intertrochanteric fractures are produced through metaphyseal cancellous bone, where there is a good blood supply [8] . These fractures are treated with reduction and internal fixation and the risk of complications is minimal [8] .
We rarely see the surgical treatment as being the cause of avascular necrosis of the femoral head if the surgical protocol is respected, the postoperative radiograph show a normal neck-head angle and the tip of the screw is situated in the lower quadrants of the femoral head. However, we found a published case of an adolescent with a femoral diaphyseal fracture which developed avascular necrosis of the femoral head due to the superior ascending branch of the medial circumflex artery being injured during nail insertion [9] .
Another complication after the fixation of intertrochanteric fractures with intramedullary gamma nail is the cut-out of the lag screw, a cause of late mechanical failure. Even if there is a transitory ischaemic event during surgery there are no studies that can demonstrate how mechanical failure can induce avascular necrosis [10] .
There are multiple choices of treating avascular necrosis of femoral head. If the disease is asymptomatic and there is a small lesion, (a modified index of necrotic extent of <25) spontaneous resolution of osteonecrosis can occur by reducing weight-bearing on the affected hip joint [11] . Core decompression of the femoral head is an early surgical treatment of avascular necrosis. Ficat and Arlet revealed good results on core decompression in early stages (I and II) avascular necrosis at an average follow-up of 7.9 years [12] along with other studies that came to the same conclusion [13] . Total hip arthroplasty is the most common and successful surgical treatment for advanced avascular necrosis of femoral head [14, 15] . Brinker et al. demonstrated in their study that total hip arthroplasty using noncemented porous-coated femoral stems gives better results than cemented procedures in patients with osteonecrosis of the femoral head [16] . In young patients bipolar arthroplasty is better than total hip arthroplasty because it preserves bone stock for later revisions, but one must also take into account the persistent groin pain after bipolar arthroplasty [17] .
Conclusion
In conclusion, the avascular necrosis of the femoral head is a rare complication following pertrochanteric fractures which can not be foreseen or avoided. All we can do is maintain the patients with risk factors under observation and to treat them in an incipient stage in case osteonecrosis occurs. Optimal surgical treatment in advanced stages is uncemented total hip arthroplasty. 
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